ABSTRACT: Problem-based learning as a teaching tool is now used globally in many areas of higher education. It provides an opportunity for students to explore technical problems from a system-level perspective and to be self-directed life-long learner which is mandatory for equipping engineering students with the skill and knowledge. This paper presents a case study illustrating the effectiveness of implemented Problem-based learning (PBL) during five semesters in the undergraduate programs of Textile Engineering in Ahsanullah University of Science and Technology (AUST). An assessment has been done on the basis of feedback from the students as well as their employers by conducting an empirical survey for the evaluation of PBL impact to enhance the student's competencies. The Evaluations indicate that students have achieved remarkable competencies through PBL practices which helped them to be competent in their professional life.
INTRODUCTION
The Journey of Bachelor education in Textile Engineering of Bangladesh started in 1978 with the establishment of former College of Textile Technology; recently it has been upgraded as Bangladesh University of Textiles (BUTex). Alongside Bangladesh University of Textiles (BUTex), two other public universities and some private universities are also offering textile engineering courses. The education system is running based on the old and few modified British undergraduate curriculum of those entire institutes, where education is more or less instruction-based and focused on teaching rather than learning. Scoring good grade is the main concentration for students.
In recent times, due to the rapid industrialization in Bangladesh, textile engineering education has been booming throughout all these years. Textile engineering discipline is highly preferred by the students due to high market demand, social prestige and diversity.
On the other hand the global scenario is changing rapidly with the changes in technology and socio-economic structures which will affect the responsibilities of the today's engineers.
Rugarcia at al. had pointed out seven features that will pose challenges to future engineers, which are as follows: expansion of information, diminishing boundaries between the disciplines, globalized economy, endangered environment, resource constraints, emerging social responsibilities and rapid changes in technology [1] .
Undergraduate engineering educational curricula are facing an emerging challenge to be compatible with the rapid technological evolutionary changes. The realization that for the engineers to retain a competitive edge , they need the knowledge, skills and attitudes that will provide them with futuristic problem solving skills, the expertise to visualize the ability to adapt the change. To be a successful professional engineer in the International corporate world of the 21 st Century, they must be equipped to be global engineers who are technically versatile (multi-disciplinary), able to solve problems from a system-level perspective, effective communicators, function in diverse ethnic teams and demonstrate social responsibility [2].
To equip with such skills, some changes are needed in the curriculum, teaching methods and delivery modes. To cope with the changes and advances in the technological fields, as well as , to bear out the requirements of a developing country, the engineering curricula in Bangladesh needs to go through continuous modernization [3] .
In engineering education system real-life problem-based learning (PBL) is an effective way as it helps students to solve open-ended engineering problems [4] . A potentially effective approach to prepare students to solve authentic problems is problem-based learning (PBL), an instructional methodology that focuses student learning on relevant problems [5] . This paper describes an overall view of the initial implementation of PBL in undergraduate textile engineering education at AUST, Bangladesh to develop technically skilled, innovative and self-directed engineers with a strong sense of professional responsibility.
work, and other professional fields [6] . Although the pedagogical models were used in many different subject fields, they have become most famous in the medicine and engineering models [7] .
It is possible to find successful PBL implementations in engineering education in different countries throughout the world, such as Australia, Canada, Denmark, Mexico and USA [8] , in South America such as Argentina, Peru, Brazil [9] , in Colombia at the Universidad Nacional de Colombia and Universidad de Antioquia [10] , in Portugal at the University of Minho [11] , in Belgium at the Universite Catholique de Louvain [12] . In recent year Asian Universities like Kanazawa Institute of Technology in Japan [13] , National University of Singapore in Singapore [14] , Sinhgad Institute of Technology in India [15] also adopted this pedagogical method in different domains of engineering education.
PROBLEM -BASED LEARNING (PBL) IN TEXTILE ENGINEERING EDUCATION
As other domains of engineering education, the University of Manchester has implemented PBL in their textile engineering curricular and Sayer et al. [16] evaluated as follows: PBL is a type of enquiry-based learning and is a suitable method for teaching weaving as it allows students to learn actively. It also encourages team-working skills, which are highly valued by employers [17] .
PBL is a good fit in apparel design and merchandising course work (Which is a part of Garments manufacturing technology courses) since the methodology is very "hands-on". When implementing PBL, students are typically presented with a problem that practitioners in their industry face on the job [18] . Bye [19] pointed out that apparel designers of the future must be strong team members, communicators, and problem solvers -all skills that PBL enhances.
Farr, Ownbey, Branson, Cao, and Starr [20] used a factorial analysis quasi experiment to analyse 155 students' responses. Student groups were introduced to textile science principles regarding colourfastness and resistance to light and heavy abrasion. A course experience questionnaire and a content analysis of student comments and instructor observations indicated PBL was an aid to learning and comprehension and more beneficial to students than traditional lectures alone.
Carpenter and Fairhurst [21] detailed the design and implementation of a capstone course using PBL in retail merchandising. Participants were required to design a workable business plan using a real business. Participants interacted with the business employees to discover problems, create a mission statement, and propose solutions. Evaluation of the program was based on student and industry partner comments, which were guided by an assessment rubric. Specific areas in which students showed improvement included problem solving, critical thinking, thinking of alternatives, and applying previously learned principles to real-world problems.
In addition, Kimmons and Spruiell [22] designed a capstone course for interior design, retail merchandising, and graphic arts students utilizing PBL. The final group projects were judged by industry professionals. Researchers assessed the project based on formal and informal evaluations, finding it to be highly successful in achieving success in regard to several pedagogical objectives, including teamwork, practice for the real world, problem-solving skills, professional behaviour, ''self-directed'' learning, and written communication.
studies and two projects were used. Specific areas of benefit included teaching students to think outside the box and broadening the student's scope of innovation. In addition to the learning outcomes, participants indicated the method was ''inspiring.' While several of the studies examined included apparel design students as participants, most of the courses highlighted were merchandising courses, which is one part of the undergraduate textile engineering curriculum. Teaching methods specific to garments manufacturing technology (GMT), particularly in regard to PBL, were not found. This research will contribute to teaching methods in (GMT) by showing how PBL will be effective to teach in that specific domain.
RESEARCH METHODOLOGY

Department of Textile Engineering of Ahsanullah University of Science and Technology plays a vital role for Textile
Engineering Education in Bangladesh providing 4 (four) years bachelor degree(B.Sc. in Textile Engineering).The 4 years program is running with the bi-semester system has two 14 week semesters in a year. The students are taught common subjects 6 (Six) semesters out of total 8 semester. In Last 2 semesters, the specialized subjects are allocated among the students according to their choice like; Yarn Manufacturing Technology, Fabric Manufacturing Technology, Wet Processing Technology and Garments Manufacturing Technology.
In this study the PBL frame work has been applied since fall semester 2009 only on the specific courses that have been taught in different semesters and related to the specialization in Garments Manufacturing Technology.
An Overview is presented in the Table (Table: 01) below according to the course, semester and year.
As a pilot study, a modified model of the traditional Aalborg PBL model was applied to the above mentioned all courses in conjunction with its regular load of the university curriculum. That required the students to put in more efforts which were gladly accepted. According to previous system of AUST curricular, in all courses students have to appear individual examination carrying 70% of the total marks. Another 20% marks are allocated for quizzes and 10% for class attendance (which is taken during the semester). As a modified model we introduced another Problem-based project work in above mentioned all courses which has been executed by fulfilling the key elements Implemented PBL activities were evaluated within the 30% marks by a group examination, both in written and oral presentation in front of evaluation committee members nominated by Head of the department.PBL introduced Courses according to Semester
ASSESSING STUDENTS PERFORMANCE
The To assess the working performance of those students (Only specialized in Garments Manufacturing Technology) in the industrial environment, an empirical field survey has been done within the students and their related employers after six months of their working experience.
Assessment from Students Feedback:
To get the feedback from students consisting a sample size of 24 (students only specialized in Garments Manufacturing Technology), a set of questionnaire contained questions in the form of a 5 point Likert-type scale (1-Poor, 2-Satisfactory, 3-Good, 4-Very good, 5-Excellent) was supplied to know about the following; i) Communication Skill ii) Team Work capability iii) Acquired Technical Knowledge iv) Problem Solving Ability v) Punctuality vi) Professional Skills vii) Research Ability. The student's feedback was collected with a 100% response rate. The Results are depicted in the graph below: Figure 1 . Competencies assessment of the PBL experienced students
The above graphical presentation (Fig: 01) shows the acquired competencies by the PBL experienced students from AUST. A major percentage of students (66.67%) responded that they have gained very good communication skills through PBL.
50% of respondent considered very good technical knowledge and also research ability ,they have achieved by PBL exercise. A 41.67 % of the respondents gave their opinion as very good achievement of Team Work ability and Enhancement of Professional Skills. A few respondents also mentioned that they achieved excellent Technical Knowledge and Problem solving ability through PBL practice.
Assessment from Employers Feedback
A number of 10 (Ten) reputed Apparel Manufacturing Industries in Bangladesh were selected to get the feedback regarding the working performance of those students, where they have the employee both with PBL experienced as well as non PBL experienced from the same university ( Only we considered Ahsanullah University of Science and Technology). It was also supplied questionnaire to the General Manager of those Industries contained questions in the form of a 5 point Likert-type scale (1-Poor, 2-Satisfactory, 3-Good, 4-Very good, 5-Excellent) to know the same as students with extra criteria "Overall Performance" and collected with a 100% response rate.
The Feedback is summarized in the Figure below:
Figure 2. Competencies assessment of the PBL experienced students
As the above graph ( Figure: 02) indicates that, from employers view point, a 60% of respondents considered as good Technical Knowledge achieved by the PBL experienced students. Fifty percent (50%) respondents mentioned "good" Teamwork capability and Professionals Skills. "Very Good" Communication skills, Problem solving ability and Research ability were found within the PBL experienced students according to 50%, 40% and 40% respondents respectively. A majority percentage (70%) of respondents gives their consent on "Good" overall performance by the PBL experienced students rather than non-PBL experienced students are working in their Organization.
According to the response both from PBL experienced students as well as their employers it can be assumed an overall view regarding the progress of their competencies and also their professional performance in the Industrial Environment. It is also very important that employer's satisfaction is shown on those students performance. So our result suggests that the implemented Problem-based learning system has a direct impact on enhanced competencies as well as professional performance of those students. 
Student
CONCLUSIONS
This paper shows a relatively successful implementation of the Problem-based learning in undergraduate textile education with a modified Aalborg PBL model though it has limitations of wide range of curricular change and also a change of mind-set. But it was experienced that the students seem to have a better learning process, taking into account that the learning process and activities were focused on the learners. Even employers satisfaction is increasing day by day due to their better performance in practical field. So it can be recommended to implement PBL covering the entire curriculum in textile engineering education of Bangladesh as other engineering curricula have been adopted all over the world.
